METHODS

Synthesis of mesoporous TiO 2 mesocrystals (FDU-19) and their derivative SC-FDU-
were carried out on a grid with molybdenum supporting film using the EM-21130 Specimen Heating
Holder. Field-emission scanning electron microscopy (FESEM) images were collected on the Hitachi Model S-4800 field-emission scanning electron microscope. To obtain information during the EDOA process, cryo-scanning electron microscopy (cryo-SEM) images were taken on the samples functioned with the evaporation time. Small amount of the reactant solution (about 0.1 mL) was withdrawn at different stages during the solvent evaporation. The solution was dropped on a concave copper sample holder and quickly emerged into a soil nitrogen (a kind of semisolid nitrogen made by treating liquid nitrogen under vacuum) to form a solid specimen. The Electron paramagnetic resonance (EPR) spectra were recorded on a Bruker EPR spectrometer at an X-band frequency of 9.877 GHz, sweep width of 1000 Gauss, and center field of 3500 Gauss. X-ray diffraction (XRD) patterns were recorded with a Bruker D8 powder X-ray diffractometer (Germany) using Cu Kα radiation (40 kV, 40 mA). Nitrogen sorption isotherms were measured at 77 K with a Micromeritics Tristar 3020 analyzer (USA).
Synchrotron radiation small-angle X-ray scattering (SAXS) measurements were performed at Beamline We assume the nanoparticles as volume-excluding sphere with point electric dipoles at their centers and calculate the electrostatic dipole-dipole interaction. 1 The nanocrystals internal structure, e.g., local variations of dipole density, crystal structure, length of ligands on the surface, etc., is neglected. We calculate the electric potential energy of the interaction between two nanoparticles. We use the simple potential energy: points from i to j, and I denotes the unit tensor. We express all distances in units of Dc, i.e., the diameter of a particle electric core is the distance between the centers of particle i to j relative to Dc. λ is a dimension less measure of dipole-dipole interaction strength, we use k B T = 1/ β as a unit of energy, yielding λ = e 2 /(4πε 0 Mesoporous TiO 2 single crystals η= 7.29 %; Jsc = 12.86 mA cm -2 ; V oc = 0.790 V, FF = 0.70 (4) Single-crystal-like TiO 2 nanowire η= 9.33 %; Jsc = 19.22 mA cm -2 ; V oc = 0.720 V, FF = 0.67 (5) Multilayered hyperbranched TiO 2 η= 11.01 %; Jsc = 18.53 mA cm -2 ; V oc = 0.827 V, FF = 0.72 (6) Anatase TiO 2 nanospindles η= 8.30 %; Jsc = 16.40 mA cm -2 ; V oc = 0.760 V, FF = 0.66 (7) Tri-functional hierarchical TiO 2 spheres η= 10.34 %; Jsc = 18.78 mA cm -2 ; V oc = 0.826 V, FF = 0.67 (8) 29 
